Abstract Cucumber mosaic virus (CMV) was detected in Canna indica by enzyme linked immonusorbent assay (ELISA) and reverse transcription polymerase chain reaction (RT-PCR) using CMV-specific primers. The Canna indica samples were collected from commercial horticultural greenhouses showing mosaic symptoms in the Varamin region in Tehran province of Iran. The virus infection was also confirmed on the basis of the symptoms on herbaceous indicator plants. To our knowledge, this is the first report of the natural occurrence of CMV on Canna indica in Iran.
Canna indica L., an upright, perennial, rhizomatous herb species of the family Cannaceae, are widely cultivated in greenhouses as an ornamental flowering plant in the Varamin region of eastern Tehran province for export to other areas in the country. So far, five viruses have been reported to infect canna including; Bean yellow mosaic virus (BYMV; Castillo et al. 1956 ), Canna yellow mottle virus (CaYMV; Yamashita, et al. 1985) , Canna yellow streak virus (CaYSV; Monger, et al. 2007 ), Cucumber mosaic virus (CMV; Lockhart 1988), and Tomato aspermy virus (TAV; Hollings and Stone 1971) . Recently, Indian canna (C. indica) plants showing leaf mosaic symptoms were observed in greenhouses in Varamin. Because of the potential economical impacts, we investigated the symptomatic plants to determine the causal agent.
A survey of greenhouses and gardens in the Varamin region was conducted in spring 2010, collecting a total of 37C. indica leaf samples showing mosaic and necrosis symptoms (Fig. 1a ). Leaf extracts were tested by double-antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) described by Clark and Adams (1977) for evaluation of Arabis mosaic virus (ArMV), CMV, Tomato bushy stunt virus (TBSV), Tomato ring spot virus (ToRSV), Tomato spotted wilt virus (TSWV), and Tomato yellow leaf curl virus (TYLCV), using polyclonal antibodies obtained from Bioreba, Switzerland. Samples were considered virus-positive when the optical density (OD) exceeded the mean plus three standard deviations of the OD of the healthy controls. Extracts from three of the samples (8.1 %) gave a positive reaction indicating presence of CMV. Except for the reaction to CMV none of the samples reacted with other antibodies mentioned above.
RT-PCR was used to verify CMV infection of the three positive samples (CMV-Vr 1, CMV-Vr 2 and CMV-Vr 3). Using TRI-Reagent (Sigma) total RNA was extracted from 70 mg of symptomatic areas of the leaves according to the manufacturers' protocol and resuspended in 50 μl diethylpirocarbonate (DEPC)-treated H 2 O. Healthy canna extracts collected from the same region were used as controls. RNA quality was determined by gel electrophoresis. Highly specific oligonucleotide primers (Blas et al. 1994) were used to amplify the conserved sequences of CMV RNA 3 (yielding 540 bp fragment).
The cDNAs were synthesized using RevertAid™M-MuLV Reverse transcriptase (M-MuLV, Fermentas, Germany) as per manufacturer's instructions. 2.5 μl of the RT reaction was used for PCR and reaction mixture was performed as described by Samuitiene and Navalinskiene (2008) with minor modifications and optimization for use with Taq DNA polymerase (Fermentas, Germany), in a total volume of 25 μl reaction. Thermal cycling consisted of an initial denaturation step of 95°C for 5 min followed by 40 cycles of 95°C for 60 s, 42°C for 60 s and 72°C for 60 s. A final step of 8 min at 72°C ended the cycle. The PCR products were analyzed by electrophoresis in a 2 % agarose gel. An amplicon of the expected size (540 bp) was observed in leaf samples of symptomatic (Fig. 2) , but not in healthy plants collected from the same locations.
Mechanical inoculation tests were carried out using leaf sap of the three CMV positive samples by macerating in 0.1 M potassium phosphate buffer, pH 7.2 (supplemented with 0.01 M EDTA acid and 0.1 % sodium sulfite), at a ratio of 1:10 (w/v) and the extract rubbed on carborundum-dusted test plants. All of the isolates (CMV-Vr 1, CMV-Vr 2 and CMV-Vr 3) produced local lesions on Chenopodium amaranticolor, Chenopodium quinoa, and Vigna unguiculata, 8-12 days post-inoculation (Fig. 1b) .
CMV-Vr 1, CMV-Vr 2 and CMV-Vr 3 were also successfully transmitted by mechanical inoculation to Nicotiana tabacum cv. Samsun and severe mosaic leaf malformation were observed three weeks post-inoculation. This confirms the symptoms previously reported for CMV (Kaper and Waterworth 1981) and infection of tobacco plants with CMV was confirmed by DAS-ELISA. Also, in order to confirm infection to CMV, healthy young leaves of canna which were without any symptoms to virus infection and negative in DAS-ELISA to ArMV, CMV, TBSV, ToRSV, TSWV, and TYLCV were reinfected with an extract from inoculated Nicotiana tabacum cv. Samsun. Before inoculation, as the further confirmatory test, plants were re-checked by RT-PCR with CMV specific primers as mentioned above and all of them were negative in RT-PCR to CMV infection. The 40 days post inoculation mosaic symptoms were observed on infected canna leaves (Fig. 1c , for CMV-Vr 1) and infection to CMV was confirmed by DAS-ELISA and RT-PCR. Based on the DAS-ELISA results, RT-PCR reaction, the development of leaf symptoms on tested plant species and, Koch's postulates confirmation; it is therefore, concluded that CMV is one of the causal agent that infecting canna in the studied area. Virus-like symptoms observed on other collected samples will require further studies to detect any other canna infecting viruses in the Varamin region. This is the first report of natural CMV infection of Canna indica in Iran.
